Embryos produced in an in-vitro fertilization (IVF) programme, but which were unsuitable for transfer to patients because they originated from one (1PN) or three pronuclear (3PN) oocytes or because they originated from two pronuclear (2PN) oocytes but cleaved normally, were maintained in tissue culture. The embryos that progressed to blastocysts were cultured to day 14 of development in order to study their daily output of human chorionic gonadotrophin (HCG). Blastocysts that released large amounts of immunoreactive HCG, which continued to increase daily during the study period, provided the culture supernatants used in the present studies. The heterogeneity of HCG released by blastocyst tissues on days 11 and 14 of development was studied by a chromatofocusing method which separates the isoforms of the gonadotrophin based on differences in their isoelectric points. It was found that the secreted HCG was composed of several molecular forms and that this heterogeneity changed from day 11 to 14 of development. The early blastocyst tissues produced more acidic HCG isoforms than the more advanced embryonic tissues. Differences in the apparent ploidy of the blastocyst tissues studied did not affect significantly the distribution of the HCG isoforms secreted either on day 11 or day 14 of development. These results suggest that the bioactivity of the HCG secreted by blastocysts may change with time and with differentiation of the trophectoderm. In addition, the results suggest that the ploidy of early blastocysts does not influence the nature of the HCG secreted.
Introduction
estimated that the highest incidence of early pregnancy wastage occurs during this period. It is during this interval that Secretion of chorionic gonadotrophin by cultured human blasimplantation is initiated and the blastocyst begins to secrete tocysts has been reported by several groups of investigators the HCG required for rescuing the corpus luteum and for (Lopata and Hay, 1989a; Dorkas et al., 1991; Dimitriadou evoking the maternal response that salvages the establishing et al., 1992; Lopata and Oliva, 1993a) . When a suitable pregnancy. What are the characteristics of the HCG being culture medium was used, blastocysts began to secrete the released at this critical time of embryo-maternal interaction? gonadotrophin on day 7 of development and the output The initial luteotrophic signal released by the blastocyst at continued to increase to day 14, providing embryonic tissue the onset of implantation must be effective at very low growth was maintained. Although there was considerable concentrations. Is this reflected by the heterogeneity of the variation in the amount of HCG released by different blastocysts, the overall pattern of hormone output, in terms of the HCG isoforms being produced at this stage? Are there any onset, duration and level of secretion, was similar for embryos temporal changes in the type of HCG isoforms secreted during derived from oocytes that contained one, two or three pronuclei the first 7 days of blastocyst differentiation and implantation? (PN) (Lopata and Oliva, 1993a) . Moreover, various stimulants Are there any differences in the heterogeneity of the HCG of HCG secretion induced a similar response, in terms of the released by blastocysts of different ploidy? These are some of time of onset and maintenance of hormone output, in blastothe questions we set out to explore in our studies on the cysts of apparently different ploidy (Lopata and Oliva, heterogeneity of HCG secreted by cultured blastocysts from 1993a,b). Thus, on the basis of the profiles of HCG produced day 7 to 14 of development. during the second week of embryonic development, and the influence of serum and a range of growth factors on such gonadotrophin output, no differences were discerned in the
Materials and methods

mechanisms that regulate HCG production in blastocysts that
The patients who participated in these studies, the preparation of may have contained a haploid, diploid, triploid, or mosaic gametes and in-vitro fertilization (IVF) procedures, the ethical and chromosome complement (Plachot et al., 1987 (Plachot et al., , 1989 .
embryological issues related to embryo selection for culture to
The second week of human embryonic development is blastocyst stages, and the procedures used for blastocyst culture and collection of media samples for HCG assays, have been described in crucial for the survival of the early pregnancy. It has been detail previously (Lopata and Oliva, 1993a) . These aspects of the contained a sufficiently high daily output of HCG, were selected for methodology are outlined only briefly. studying the heterogeneity of the secreted gonadotrophin.
Patients and ethics
Separation of HCG isoforms by chromatofocusing All infertile couples being treated by IVF at the Royal Women's
The HCG isoform distribution released by cultured blastocysts originHospital, Carlton, Australia, signed consent forms related to the ating from 1PN, 2PN and 3PN oocytes was analysed using a clinical and laboratory procedures used in the programme. The chromatofocusing column (Mono P HR 5/20; Pharmacia; Sydney, embryos produced in the IVF laboratory were assessed independently Australia) pre-equilibrated in 25 mM piperazine, pH 6.3 at a flow by embryologists who did not participate in the subsequent experirate of 1ml/min. Chorionic gonadotrophin (CG) containing samples mental studies. Those embryos considered to be unsuitable for transfer (minimum activity 100 mIU immunoreactive HCG) diluted in this to patients (see assessment) comprised the group that was maintained buffer (final volume 1000 µl) were injected onto the column, in tissue culture for potential development to blastocysts. The hoswhich was then eluted with Polybuffer 74 (Pharmacia) diluted 1:10 pital's Research and Ethics Committees approved the continued culture containing 0.9% (v/v) Pharmalyte 2.5-5 (Pharmacia) at a final pH of of embryos that were unsuitable for therapy, provided destructive 2.9. The pH gradient generated from pH 6.3-2.9 was monitored with procedures, such as fixation for microscopic examination, were not a flow-through pH electrode/conductivity meter. A final wash with performed. This restriction limited the experimental design since we 1M NaCl (1000 µl) was performed to elute the most acidic material were not able to study the chromosomal constitution of the blastocysts bound to the column. Fractions of 0.5 ml were collected and at the completion of culture. Also, any embryonic tissue that continued immediately neutralized with 0.6 M sodium phosphate pH 7.4, 0.4% to grow in culture was to be discarded by day 14 after fertilization.
bovine serum albumin. The column was then regenerated by extensive washing with 25 mM piperazine, pH 6.3.
IVF procedures and embryo assessment
Initial studies were undertaken to validate the chromatofocusing Following ovarian stimulation, routine methods were used for the procedure which included an assessment of appropriate pH range and aspiration and preparation of oocytes for IVF (Johnston et al., 1987) .
recoveries of fractionated immunoactive HCG (Pregnyl, Organon, The insemination procedure and early embryo culture were carried Oss, The Netherlands) and chromatographic reproducibility. The in 'human tubal fluid' medium (Quinn et al., 1985) supplemented isoelectric point (pI) range of HCG (Pregnyl) (pI 3.3-4.8, Huang with human cord serum (Lopata and Oliva, 1993a) . Fertilization was et al., 1988) was outside the buffering range of Polybuffer 74 assessed by examining oocytes for pronuclei at 16-18 h after which is conventionally used in chromatofocusing. Initial experiments insemination and embryo development was evaluated after a further attempted to enlarge the pH range by the addition of acidic ampholytes. 24-28 h of culture.
A final mixture of Polybuffer 74 (diluted 1:10) ϩ 0.9% ampholyte Embryos that originated from oocytes containing 3PN or 1PN were pH 2.5-5 (Pharmacia) and titrated with HCl gave a working pH range considered to be genetically abnormal and unsuitable for transfer to from pH 6.3-2.8. The reproducibility of the procedure was assessed patients. All of these embryos were used for studies on blastocyst by chromatographing Pregnyl (~350 mIU) in duplicate on two development and HCG secretion in culture. Embryos that arose from occasions under the defined conditions. One major peak of immunoac-2PN oocytes were classified into categories ranging from good to tivity with a pH value of 3.71 Ϯ 0.08 (mean Ϯ SD) was detected. poor quality, based on the morphological criteria described by Bolton Based on two SD values of this mean value, a pH interval of 0.4 pH et al. (1989) . In some cases an attempt was made to culture units was defined to allow grouping of the chromatographic data. morphologically abnormal 2PN embryos, which were considered to Grouping the data in this way enabled a comparison to be made be unsuitable for transfer to patients or for cryopreservation, to between pH range and between runs as the pH profile was curvilinear blastocyst stages. When such cultures were successful the blastocysts across the chromatographic profile. The following pH groups were were also used for studies on HCG secretion.
established: group I, pH 5.20-4.81; group II, pH 4.80-4.41; group III, pH 4.40-4.01; group IV, pH 4.00-3.61; group V, pH 3.60-3.21; Embryo and blastocyst culture group VI, pH 3.20-2.81; group VII, pH Ͻ2.81. The chromatographic The embryos that were included in the present studies were transferred data for all HCG-containing samples was then expressed as percentage into serum-free α-modification of minimum essential medium (α-immunoactivity recovered/group compared with group pH. Recoveries MEM) to determine their potential for further growth. The α-MEM of immunoactive HCG following chromatofocusing were Pregnyl: (Flow Laboratories, Irvine, Scotland, UK) was prepared as described 100 Ϯ 7% (n ϭ 8), culture medium samples: 93.9 Ϯ 7% (n ϭ 17). previously (Lopata and Oliva, 1993a) . Single embryos were cultured in 0.5 ml of medium in 4-well Nunclon plates and embryonic HCG assay development was assessed daily. The embryos that progressed to The assay was as described by Lopata and Hay (1989a) . Immunoreacblastocyst stages were transferred individually, usually on day 6 of tive HCG was quantified using an immunoradiometric assay (Bioclone development, into culture wells containing α-MEM supplemented Australia, Sydney) which utilizes two monoclonal antibodies directed with 1% human cord serum to initiate the studies on HCG secretion.
against different HCG epitopes. The sensitivity of the assay was ഛ1 In all cases blastocysts were transferred into fresh medium every mIU/ml using the World Health Organization first international 24 h. Spent media samples that supported blastocyst growth, as well reference preparation for HCG (75/537) as standard. The intra-assay as incubated blank controls, were stored at -80°C until assayed for coefficient of variation for three separate assays was 1.3, 1.1 and HCG in completed batches. Media from arrested cleavage stage 3.3%, with inter-assay coefficients of variation of 3.7, 4.6 and 4.7% embryos were also stored and used as tissue controls. At the end of respectively (n ϭ 9). In the Bioclone immunoradiometric assay the day 14 after fertilization the blastocyst tissues were discarded to cross-reaction with luteinizing hormone (LH), follicle stimulating terminate each study.
hormone (FSH) and thyroid stimulating hormone (TSH) is very low. The outcome of these studies has been described previously (Lopata At periodic intervals we showed that assays of serial dilutions of and Oliva, 1993a,b). Several complete series of culture samples that had supported the growth of blastocysts of different ploidy, and experimental samples were parallel with HCG standard curves. 
Results
As expected, the eluted isoform pH profiles were intermediate between those from day 11 and day 14 samples. In the present studies, the heterogeneity of HCG secreted on days 11 and 14 of blastocyst development was examined. A total of seven blastocysts were investigated; three originated Discussion from 1PN oocytes, two from 2PN and two from 3PN oocytes.
The present studies have demonstrated that the chorionic An example of the chromatographic profiles of HCG secreted gonadotrophin released by human blastocysts, during a period on days 11 and 14 by the same blastocyst of 2PN origin is of development that corresponds to early implantation stages, shown in Figure 1 . It can be seen that day 14 embryonic contains isoforms that are resolved over a narrow range of tissues released HCG that eluted in a more basic pH range pH. It was also found that early blastocysts (day 11) produced than the HCG from the day 11 stage of development. a greater preponderance of acidic isoforms compared with In order to analyse these trends further, each chromatogram the output from more advanced embryos (day 14). This is was subdivided into seven pH groups as defined in the comparable with the general trends towards more acidic Materials and methods section. A comparison of HCG secreted HCG isoforms in early pregnancy observed by electrophoretic by 1, 2 and 3PN oocytes on day 11 of culture (Figure 2, upper procedures (Wide et al., 1994; Diaz-Cueto et al., 1994 , 1996 . panel) showed a similar mean HCG pH distribution as assessed
The presence of the highly acidic (pH Ͻ2.80) HCG as shown from the general overlap of the 2 and 3 PN oocyte profiles in this study is believed to be novel. It was of interest that the with the mean Ϯ SD values of the 1PN oocytes. A similar pH day 14 HCG profile closely resembled that of a commercial distribution was observed for all day 14 HCG samples (Figure preparation of HCG (Pregnyl) which is a product of pregnancy 2, lower panel).
urine. This finding would suggest that early embryos synthesize Based on the similarity between cultures of blastocysts more heavily glycosylated and/or sialylated HCG moieties derived from 1, 2 and 3 PN oocytes (Figure 2 ), all HCG data than the older embryos. At this stage of our work the for each pH group were pooled separately for day 11 and day significance of this HCG heterogeneity in terms of the bio-14. Significant differences were observed between day 11 and activity of the early compared with the more advanced blastoday 14 in five of the seven pH groups (Figure 3 ). These cyst secretions cannot be evaluated. However, previous studies differences were reflected in 61.4% of activity recovered with (Boime, 1991; Wide et al., 1994; Diaz-Cueto et al., 1994 , 1996 ) pH values Ͻ3.60 for day 11 and 30.5% for day 14. In have shown that plasma HCG isoforms, obtained following particular, a marked increase (27.4 versus 10.2% recovered) chromatofocusing, become less acidic but more bioactive as in the very acidic HCG group (VII, pH Ͻ2.80) of the day 11 pregnancy progresses. Based on these findings we would sample contributed to this difference.
suggest that the biopotency of the HCG secreted by blastocysts Finally, a comparison between day 11, day 14 and Pregnyl changes with time and progressive differentiation of the HCG samples showed a close similarity between the day 14 trophectoderm. and Pregnyl samples (Figure 3) but not day 11.
The HCG that begins to be secreted from day 7 to 8 of Insufficient amounts of HCG were present in the daily culture embryonic development in situ (Lenton et al., 1982) is essential samples collected before day 11 for adequate fractionation and for rescuing the corpus luteum, for successful implantation detection. In one blastocyst, derived from a 2PN oocyte, days and hence for the continued viability of the early pregnancy. At the onset of HCG secretion, cultured blastocysts are likely 12 and 13 culture samples were analysed by chromatofocussing. Chromatofocusing profile of immunoactive human chorionic gonadotrophin (HCG) released into culture media by all 1, 2 and 3 pronuclear (PN) blastocysts for day 11 and day 14 of culture and a urinary HCG preparation (Pregnyl). The 1PN (n ϭ 3), 2PN (n ϭ 2), and 3PN (n ϭ 2) data presented in Figure 2 were combined in this analysis and are presented as mean Ϯ 1SD. It is recognized that pooling the data in this fashion does include a pI group IV (pH 4.00-3.61) which gave a lower percentage recovery for 2PN compared with the 1 and 3PN samples. The inclusion of this data does not affect the validity of the comparison. *P Ͻ0.05, **P Ͻ0.001 paired Student's t-test. compared with the output at equivalent times in vitro (Lopata vivo pattern cannot be determined at this stage and will need to be addressed by future studies.
Several groups of investigators have analysed the chromoto contain a range of 120-210 trophectoderm cells (Hardy et al., 1989) and probably a similar or a somewhat higher cell somal make-up of embryos that originated from 1PN, 2PN and 3PN zygotes (Angell et al., 1983; Wramsby et al., 1987 ; population following development in vivo (Croxatto et al., 1972) . Using implantation stage marmoset monkey blastocysts, Plachot et al., 1987 Plachot et al., , 1989 . The 1PN zygotes are believed to originate from parthenogenetic activation during manipulation we have recently demonstrated that mRNAs for the α-and β-subunits of monkey CG are predominantly localized to the of the oocytes or during the insemination culture; these are considered to contain a haploid (maternal) set of chromosomes polar trophectoderm region (Lopata et al., 1995) . This area of trophectoderm is closely associated with the inner cell mass rather than the normal diploid set which includes the paternal group. On the other hand, the 3PN zygotes are considered to and its gonadotrophin secreting function may be influenced by the embryoblast cells (Summers et al., 1993) . In the primate contain a triploid set. These most commonly arise as a result of penetration of the oocyte by two spermatozoa, thus giving this region of trophectoderm comprises~30% of the blastocyst wall. It may be calculated, therefore, that at the onset of HCG rise to an extra paternal set of chromosomes (diandry). Occasionally, a triploid zygote contains two maternal sets (digyny) secretion the gonadotrophin is primarily derived from~40-70 polar trophectoderm cells. This initial luteotrophic signal must and a paternal set, resulting from retention of the second polar body following fertilization by a single spermatozoon. It is be highly active since, even after trophoblast cell numbers quadruple over the next 4 days in vivo, the signal would still also possible that an oocyte containing 2PN could be triploid if it was penetrated by a diploid spermatozoon. Similarly, a be derived from Ͻ500 cells and, after dilution in the blood and other fluids, the HCG remains highly effective. It has been parthenogenetically-activated oocyte could contain 2PN if the triggering mechanism leads to retention of the second polar found that the daily HCG produced during the first week of implantation is~100-fold higher in vivo (Lenton et al., 1982) body (both chromosome sets being maternal). A small
